Atropisomerization of 8-Membered Dibenzolactam: Experimental NMR and Theoretical DFT Study.
Detailed experimental and theoretical quantum mechanical analysis of the atropisomerization mechanism of a complex, bridged biaryl molecule with imbedded biphenyl, amine, and lactam moieties, 7,8-diallyl-5-benzyl-7,8-dihydrodibenzo[e,g][1,4]diazocin-6(5H)-one (1), was undertaken. Experimental Gibbs free activation energy, activation enthalpy, and activation entropy were established by temperature-dependent kinetic NMR experiments. Theoretical analysis utilized density functional theory (DFT) calculations at the B3LYP/6-31G(d) level of theory. Twelve energy minima and 17 transition states associated with five different atropisomer interconversion pathways were found by the combination of DFT calculated two-dimensional potential energy surfaces (2D PES) and the quadratic synchronous transit-guided (QST2) method. Among the five possible atropisomerization pathways, the lowest Gibbs free activation energy 25.8 kcal/mol was in close agreement with the experimentally determined value of 26.8 kcal/mol. Theoretical activation entropies and enthalpies were also consistent with experimental data. Geometrical and vibrational analysis of transition states and metastable intermediates suggested the mechanism of atropisomer interconversion of 1 as a rotation of the eclipsed endocyclic coordinate in a clockwise or counterclockwise direction along the ring. Puckering ability at least in one of the segments of the ring appears to be one of the most critical factors defining the height of atropisomerization barrier.